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<7i) We, STANDARD OIL COM- 
PANY, of 910, South Michigan Avenue, 
Chicago, Illinois, 60680, United States of 
America, a corporation organized and exest- 

5 ing under the laws of the State of Indiana, 
United State? of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to uv^nd the method by 
which it is to be performed, to be parti cu- 

10 larly described in and by the following state- 
ment: — 

THIS INVENTION relates to a process 
for producing coated heat fusible plastics foam 
sheet. 

15 Jn the early stages of developing extruded 
heat fusible foam sheet such as polystyrene 
foam sheet it appeared that if properties of 
high gloss and high strength, could be im- 
parted to one surface of the sheer, dishes and 

20 the like, having a desirable china»likx surface, 
could be thermally fanned and trimmed from 
the sheet. Tt vras found that coating the heat 
fusible foam sheet with a resinous polymeric 
material would provide the desired strength 

75 and K loss properties. The physical properties 
of the product of coating heat fusible foam 
sheet with resinous polymeric materials were 
found to be superior to the properties of 
cither of the heat fusible foam sheet or the 

30 resinous polymeric material alone. The gloss, 
rigidity, abrasion renounce and cut resist- 
ance of extruded polystyrene foam slieci were 
substantially improved with a resinous poly- 
meric material coating, sod, conversely, a 

35 resinous polymeric material fihn was substan- 
tial ly unproved in its innilative properties 
Tigidiiy and toughness when combined with 
an citruded foam poly-styrcnc substrate. Pre- 
viously heat fusible foam sheets have been 

40 coated on one side only, since typical coating 
processes could not be used to coat the second 
ride. However, the desirable properties ob- 
tained by coaling one side of a heat fusible 
foam sheet would be significantly increased 

45 l*y cocu'ng the second side* since such sheets 
coated on both sides would lend themselves 
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to being formed into products which arc 
superior to products formed from single 
side coated foam sheets. 

Acrurding to the invention there is pro- 50 
vided a process for producing fosfcle 
fpanx_ sheet. matenaL_coated_on _ both - sides 
-with ~irs ipous po lyrocric ma teria^ whkb com- 
prises coating each side of the heat fusible 
foam sheet by extruding molten resinoos poly- 55 
meric material from a flat him die whilst 
continuously passing the heat fusible foam 
sheet past the die; contacting the heat fusible 
foam sheet and the resinous polymeric material 
so as to form a layer of resinous polymeric 60 
material in the heat fusible foam sfcect and 
compressing the contacted heat fusible foam 
sheet and resinous polymeric material, the 
linear tension of the sheet and the extent 
to which the sheet is reverse * wrapped being 65 
adjusted to prevent the formation of wrinkles 
and cracks in the surface of the coated sheet. 

To "reverse* wrap" as used in the specifica- 
tion and claims means to wrap the beat fas- 
siblc foam sheet in a roller or mtslttpltcity 70 
of rollers 50 that it forms an arc, and, in the 
case of a continuous coating process, chinets 
the direction of travel of the sheet by more 
than 90 degrees. To avoid cracking of the 
coating and sheet the diameter of the arc 75 
must not be too small. The minimum dia- 
meter varies with the number of coated sides 
and thickness of the sheet. Thus, for example 
the ratio of arc diameter to thickness ol 
a reverse wrapped heat fusible foam sheet 80 
coated on one side is preferably not fcss than 
180 And die ratio of arc diametrr to thick* 
ncss of a reverse wrapped heat fusible foam 
sheet coated on two sides is preferably not leis 
than 2i0. The tension on the sheet is pre- 8.5 
fcrably between 6 and 20 pounds per linear 
inch, and the linear speed of the sheet is pre- 
ferably from 100 to 2000 feet pet minute. 

In carrying out the process of the inven- 
tion, which it will be appreciated enables the 90 
production of heat fusible foam sheet coated 
on both sides with rcsinoui polymeric 
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material, resinous polymeric material may be 
heated in an extruder of the type in com- 
mon use in the plasties industry, hiring a 
besting and a compression twiitt. Thus, 

5 resinous polymeric material may be melted 
in an extruder whereupon H xs forced out 
of the barrel and through a flat film die 
under a pr essur e in the range of from 1,000 
to 5,000 pounds per square "inch- As used in 

10 the specification and claims the term **me|ted H 
means pJasricized by beat unul extrudible. 
The flat film die desirably has a gap or open- 
ing of from 9 to 100 thousandths of an inch 
and an effective width approximately equal 

15 to the width of the heat fusible foam sheet to 
be coated. The die can be provided with 
conventional heating means. 

The molten itxinous polymeric material 
ts continuously extruded through the die and 
20 onto the heat fusible foam sheet whkh is mov- 
ing past the die. The coated potysryrcne foam. 
_____ ts then compressed between two rollers, a nip 
roller and a chill roller. The nip roller is 
preferably heated to between 100* and 200° 
25 F- and the chill roller is preferably cooled to 
between 40° and 80 °F. The temperature of 
-rollers should be controlled so that the 
polymeric resinous material docs not cool so 
much that it cannot melt a thin layer of the 
30 heat fusible foam sheet and fuse thereto, and 
in this connection reference is made to our co- 
pending U-K- Application No. 5323/71 (Serial 
No. 134 6,7 SO). The clearance between these 
two rollers, whkh causes the polymeric reshv 
35 ous material and the heat fusible foam sheet to 
be compressed is commonly referred to as the 
nip. In the practice of this invention the nip 
pressure per linear inch must be adequate 
to press the coating into the foam substrate. 
40 Such a nip pressure is that generally sufficient 
to compress the coated foam sheet to about 
onc~balf its normal thickness. The foam, being 
resilient, regains a majority of it* original 
thickness after being compressed. After com- 
45 prestioa the laminate is held in contact with 
the chill rollers which cools it and which 
can a bo impart desirable surface characteris- 
tics to the polymeric resinous layer. For 
example, if a mirror surface is desired a highly 
50 polished chill roller should be used. 

There are, in particular two modes of prac- 
. lice of this invention - One, b using a two 
extruder line; the other, is, using a one 
extruder line and nrnniog the one side-coated 
55 heat fusible foam sheet through a second time. 
It should be dear that the design of the 
single extruder line must, in accordance with 
the invention, enable the second side of a one- 
side coated heat fusible foam sheet to he 
60 coated, even though a different design would 
be suitable for coating only one side. If a 
two extruder line is used it is necessary to 
reverse wrap the one -side coated heat fusible 
foam sheet at least once so that its underside 



can be exposed to a second extruder in the 65 
line. 

In either mode of practice of this bren- 
tion it may become necessary to reverse wrap 
the laminate product having both sides coated. 
Such necessity may arise from a desire to 70 
change the direction of travel of the Laminate, 
so that overall movemem of the heat fusible 
foam sheet is unidirectional, or from a desire 
to wind the laminate product on a roll for 
convenience of shipping. When such reverse 75 
wrapping is desired, the arc of the r*o-side 
coated laminate must be even more carefully 
controlled than when reverse mapping the 
onc-sidc anted heat fusible foam sitter. 

The tension on the coated beat fusible foam 80 
sheet must be carefully controlled "> ensure 
a wrinkle free product. The bond between the 
resinous rjorymcric material and the second 
side of the heat fusible foam sheet is formed , 
in the same way as the bond b crac tu the 85 
resinous polymeric material and the Cm side, 
that is, the surface of the ntzi fuMbfe foam 
sheet is melted when contacted by the extruded 
resinous material and, upon cooling h bonds 
the resinous material thereto. 90 

The process of the invention will be des- 
cribed in more detail with particular refer- 
ence to the accompanying drawings in which: 

Figure 1 is a schematic elevation of a coat* 
ing machine having a single extruder, and 95 

Figure 2 is a schema uc elevation of a coat- 
ing machine having two extruders. In Figure 

I the heat fusible foam sheet 10 travels from 
an unwind station 11 through a tension con- 
trol 12 and onto a nip roller 14, which is a 1 00 
roller that forms a nip or compression means 
with a second roller. The heat fusible foam 
sheet 10 is then coated with rxilymerie resin- 
ous material extruded through a flat Ahn die 

15 attached to extruder J 3. The coated sheet 105 

16 Is then transferred to a chill roller 17 
which is a cooled toller opposite the nip roller 
which forms a part of the compression means 
and also imparts desirable surface charac- 
teristics to the coauog. The coated heat fos- HO 
ible foam sheet 16 is next transferred to a 
third roller 18 which cnabfcs it to remain 

in contact with the chill roller 17 fot about 
one-half of its circumference. The coated 
side having been lait coated docs not contact IIS 
the surface of the third roller 18. The three 
rollers referred to above are externally 
powered to import morion to the heat fusible 
foam sheet 10. The coated sheet 16 is then 
passed through tension control 19 and wound 120 
upon a rewind roll at the rewind station 20 
and t/ansferred back »o the unwind station 

I I to be coated on the other side. 

In Figure 2 the heat fusible foam sheet 
20 travels from an unwind Maticn 21 through 12i 
a first coating station comprising roller l f 
nip roller 2, chill roller 3, csrtTudcr 29 and 
rollers 4 and 5- The unc-sidc coated heat 
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fusible foam sheet 22 from the first coating 
station passes roller 6 through a tension 
control 23 sod is reverse mapped on roller 
7. It then passes on to nip roller 8 which is a 
5 roller that forms a nip or compression means 
with a second roller. While the one-side 
coated heat fusible foam sheet is upon the nip 
roller 8, its second side is coated with a 
polymeric resinous material extruded through 

10 a flat him die 26 attached to extruder 23. 
The two-side coated sheet is then transferred 
to a chill roller 9 which is a cooled roller 
opposite the nip roller which forms a pan 
of the compressor} means and also imparts 

15 desirable surface characiemtkz to the coating. 
It is also reverse wrapped on each of these 
rollers. The heat fusible foam sheet is then 
passed on to a third roller 10 which enables 
it to remain m contact with the dull roller 

20 for about one-half of its cirnimfcrtnce. The 
coated side having been last coated docs not 
contact the surface of the third roller. The 
nip roller 8, the chill roller 9 and the third 
roller 10 referred to above arc all externally 

25 powered to impart motion to the heat fusible 
foam sheet. Tnc two-side coated heat fusible 
sheet 27 is then passed on to roller 1 1 where 
it is reverse wrapped to give it a unilateral 
direction in the overall process. Next the 

30 two-side coated heat fusible foam sheet 27 is 
run on roller 12 and roller 13 through a ten- 
sion control 24 and onto a rewind mil at the 
rewind station 25. 

Preferably, the extruder has a barrel, a 

35 bearing means and a compression means. The 
compression means of die extruder is an 
anger contained inside the baiTcl having from 
IS to 30 flights (revolutions of the helical 
inclined plane along the length of the barrel). 

40 The heating means is cither an electric or oil 
heater positioned outside and along the bar- 
rel to create independently controlled heat 
zones inside the barrel. Some heat is also 
provided by working of the material in the 

45 auger compression means. The barrel tem- 
perature should he between 400" and 475°F., 
the barrel having an inMOc diameter of be- 
tween 1 and 12 i inches. The polymeric rcjnv 
ous material can thus be extruded in a con- 

50 tinuous operation. 

It is preferred that cxtrminn be through 
a heated flat film die. The temperature of 
the die is held between 375° and 500°F- 
by either an electric or an oil heater and 

55 preferably the resinous-polyrncric material is 
extruded at a temperature of about 450°F. 
The pressure inside the die will generally 
fall in the range of 1,000 to 5,000 psi de- 
pending upon the polymeric resinous material 

«> used. The die pressure is preferably 1,500 psi. 
The gap (opening) in the die is approximately 
2 to 100 thousandths of an inch, preferably 
10 thousandths, with the width of the die 



varying with the width of the heat fusible 
foam sheet to be coated. 65 

For best results it is important that the 
molten resinous crating material contact the 
heat fusible foam sheet while it is still uo 
the nip roller. Contacting the two materials 
at this point insures that the resinous poly- 70 
meric material will contact the foam sheet 
while it is being held smooth and free from 
wrinkles. The product will then be free of 
wrinkles and surface imperfections. It has 
also been found that rotating the nip roller 75 
between 0 and 10% slower (based oo the sur- 
face speed) than the chill roller and the third 
roller between 0 and lO?.', faster (based on 
the surface speed) than the chill rolkr results 
in a more smooth and uniform product. Jt b0 
has been found that about 27;, variance in 
speed (based on the surface speed) is the 
optimum. In addition, the tension 00 the heat 
fusible foam sheet is controlled by two ten- 
sion controls (shown in the figures). The pre- 85 
f erred tension on the coated sheet rooting of! 
the rollers is between 6 and 20 potmds per 
linear inch. 

The linear speed of the heat fusible foam 
sheet as it travels from the unwind station to 90 
the rewind station is dependent upon the 
thickness of the polymeric resinous material 
to be applied, the output of the polymeric 
resinous extruder and the capabilities of the 
unwind station and the rewind station (shown 95 
in the figures). Speeds can range from 100 
to 2000 feet per minute depending upon 
these variables. 

Various heat fusible foam sheets can serve 
as the substrate in the coating process of this 100 
invention. The following art examples of the 
more important foams which can be coated: 
rxJystyrene, styrroe coporymers, polyethylene, 
polypropylene and polyvinytchloride. It should 
be noted, however, that pohethvlene iqd poly- 105 
propylene foam sheets are only effective as 
substrates when they are being coated with 
polyethylene and polypropylene respectively. 
Similarly, polyethylene and pol>-prop>4ene are 
only effective as coating materials when poly- 1 10 
ethylene and polypropylene foam sheets ore the 
respective substrates. 

The compression of the rjojymcric resinous 
material onto the heat fusible foam sheet sub- 
strate may be effected without nip compres- 115 
ston by increasing the linear tension of the 
foam substrate, thereby causing the polymeric 
material to be compressed slightly *s it is 
wrapped between the nip roll and the foam 
substrate. Suitable polymeric resinous materials 1 20 
arc acryloniirilc - butadiene - styrcne co- 
polymer, acrylonitrile - styrene (copolymer), 
rx>lyvinyIch!oride t crystalline poly*t\Tene, 
polyethylene, polyproprlene or rubber modi- 
fied polstyrenc. The polyethylene and poly- 125 
propylene are, of course, 1 am red to pol- 
cthylene polypropylene substrates respectively. 
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EXAMPLE I 

Referring to Figure I, the following uWc shows the minimum arc diameters which can 
be used in conjunction with one-side coated heat fusible foam sheets of various thick- 
nesses in a one extruder line while coating the second sides thereof. 

Heat Fusible Foam Sheet Thickness in Mils 



10 





Below 50 


50—75 


76 to 99 


Roller Number 




Are Diameter, inches 




6 


9 


15 


24 


14 


9 


15 


24 


17 


12 


18 


30 


18 


12 


18 


30 


Roller at unwind station 11 


9 


15 


24 


Roller at rewind station 20 


12 


18 


30 


AJJ other rollers 


6 


12 


is 



15 The process described an J set forth in Figure I using the above arc diameters for 
various thicknesses of heat fusibk foam sheet substrate results in a successful crmmercial 
optyaiicn- 



EXAMPJLE II 

Referring now to Figure II, the following table shows the minimum ire diameters 
20 which can be uved in conjunction with heat fusible foam sheets of various thicknesses 
through the enure coating process. 



Heat Fusible Foam Sheet Thickness in Mils 



Below 50 50—75 76 to 99 

Roller Number Are Diameter, inches 



23 


1 


6 


12 


18 




2 


6 


12 


18 




3 


36 


36 


36 




4 


9 


15 


24 




5 


9 


15 


24 


30 


6 


9 


15 


24 




7 


9 


15 


24 




8 


9 


IS 


24 




9 


36 


36 


36 




10 


12 


18 


30 


35 


11 


12 


18 


30 




12 


12 


18 


30 




13 


12 


18 


30 




Roller at rewind station 25 


12 


18 


30 




All other rollers 


6 


12 


IS 



40 The process described and set forth in 
Figure II tmng the above roller diameters 
for various thicknesses rf heat fusible foam 
sheet jubstratrs rcsuhs in a successful com- 
mercial operation . 

45 In Examples I and II the ratio of arc dia- 
meter to heat fusible foam sheet thickness is 
never less than ISO when a one-side coated 
heal fusible foam rhect is reverse wrapped. 
The ratio of arc diameter to heat fusible foam 

50 sheet thickness is never less than 240 when a 
two- side coated heat fusible foam sheet is 
i eve r?c wrapped. 

Reverie wrapping occurs in Figure I of 
F-\amplc I at rollers 14, 17, 18 and the roller 

55 at lire rewind station. It being undemood 
that in lix&mplc I the roller at the unwind 



station will have a reverse wrapped t»pc-\idc 
coatcd hca* fu>ible foam >licel ihe:ci*a when 
the second M*de is being coatrd r an-1 corres- 
ponding rollers 17, IS and the toller st the 60 
rewind station will have the two-ride coated 
heal fusibk foam sheet reverse vrrappud 
thereon. Reverse wrapping in Figure II of 
Example II occurs at rollers Z % 3, 7, 3, 9 t I J 
and the teller a; the rewind station. <}5 

WHAT WE CLAIM 1S:~ 

I. A process for prod using hrat fumble foam 
sheet material c*>eted rp both side* with 
resinous polymeric material. Ktiicb compiles 
coating each side r.f -Jic r*at fusible Uwn 70 
sheet by extruding molten resinous jvlvmeric 
material fr om a llr.t film die xvhilft vw.itnu- 
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ously passing the beat fu^ibi* foam sheet pest 
the die; onuacting the heat fusible foam sheet 
and the resinous polymeria material so as to 
form a layer of resinous polyroertc material 

5 on uV bear fusible foam sheet and compress- 
ing ibe contacted heat fusible foam sheet and 
resinous polymeric material, the linear tension 
of the sheet being adjusted and the extent 
to which the sheet is reverse trapped being 

!J limited to prevent the formation of wrinkles 
and cracks in the surface of the coated sheet. 

2. A process according to Claim 1 wherein 
the extruded resinous polymeric material 
applied to both sides of the heat fusible foam 

15 sheer by passing the heat fusible fo«n sheet 
post a single extruder twice, a different side 
being coated on each pass. 

3. A process according to Claim 1 wherein 
the extruded resinous polymeric material is 

20 applied to both sides of the heat fusible foam 
sheet by passing the heat fusible foam sheet 
post two extruders, one extruder being 
arranged to provide a coating fur one side and 
the other extruder being arranged to provide a 

25 coating for the other side. 

4. A process according to any preceding 
cbim wherein the ratio of arc diameter to 
thickness of a reverse wrapped heat fusiWc 
foam sheet coated on one side is never less 

30 than ISO. 

5. A process according to Claim 4 wherein 
the ratio of arc diameter to thickness of a 
reverse wrapped heat fusible foam sheet coated 
on two sides is never less than 240. 

35 6. A process according in any preceding 
cbim wherein the resinous polymeric material 
tr. acrylonurDe - hutadicne - styrcne copoly- 
mer, acrylunirrilc - styrcne copolymer, poly- 
vinvlchfuride, crystalline polystyrene or rubber 

40 modified polystyrene. 

7. A process according to any preceding 
claim wherein the heat fusible foam sheet is 
polptyrrnc, sryrene copolymers or polyvinyl- 
chloride. 

■15 8. A process according to any preceding 
claim wherein the polymeric resinous material 
is extruded at a tcmpcracu/e of about 450* F. 

9. A process according to any preceding 
claim wherein die polymeric resinous material 

50 i.\ extruded through the Da; film die or dies 
under a prepare vf between 1,000 and 5,000 
pnunds per square inch. 

10. A process according to claim 9 wherein 
■ prevMiTc is about UOO pounds per square 

55 inch. 

11- A process according to any preceding 
claim wherein a roller means is used to pass 
the heat fusible foam sheet past the Hat film 
die during the coating process. 
60 12. A process according to any one of 



claims 1 to 10 wherein the hear fusible foam 
sheet and the resinous polymeric material arc 
compressed by a roUcr means. 

13. A process according to claim 11 or 
claim 12 wherein the roller means is com- 65 
prised of a nip roller and a chill roller. 

14. A process according to claim 11 or 
claim 12 wherein said roller means is com- 
prised of a nip roller, a chill roller, a third 
roller and a rewind roller. 70 

15. A process according to any one of 
claims 12 to 14 wherein the nip roJlrr is 
heated to between 100 and 200 F. 

16. A process according to any 00c of 
claims 12 to 15 wherein the chill rolkr addi- 75 
tionally cools the coated heat fusible foam 
sheet and imparts desirable surface charac- 
teristics to the side last coated. 

17. A process according to any one of 
claims 12 to 16 wherein the chill roller 80 
is maintained at a temperature between 40* 
and S0°F. 

18. A process according to any preceding 
claim wherein the linear speed of the heat 
fusible foam sheet is from 100 to 2000 feet 85 
per minute. 

19- A process according to any preceding 
claim wherein the tension on the >bcet is 
between 6 and 20 pounds per linear inch. 

20. A process according to any preceding 90 
claim wherein the resinous polymeric material 
and the heat fusible foam sheet are com* 
pressed sufficiently to press the resinous poly- 
meric material into ihe heat fusible foam 
sheer. 95 

21. A process according to any preceding 
daim wherein the heat fusible foam sheet is 
polyethylene and the resinous polymeric 
material is polyethylene. 

22. A process according to any of claims 100 
1 to 20 wherein the heat fusible fo^rj sheet 

is polypropylene find the resinous polymeric 
material is polypropylene. 

23. A process for coating two sides of a 
heat fusible plastics foam sheet sub* tan- 105 
tialiy as hereinbefore described and exempli- 
fied. 

24. A process for coating two sides of a 
heat fusible plastics foam sheet substan- 
tially as hereinbefore described with pQrtjcu- 110 
lar reference to either of Figures 1 and 2 

of the accompanying drawings. 

25. A coated sheet whenever produced by 
a process according to any preceding cUim- 

MATHYS & SQUIRE, 
Chartered Patent Agents, 
10, Fk« Strcer, 
London, £C|Y 1AY, 
Agents for the Applicants. 
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